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Dispersion of Single-Walled Carbon Nanotubes with
Alcohol-Soluble Polyfluorene

HOU Yezhi',WANG Kang',LI Yuda’, WANG Feng"
1. Key Laboratory of Green Chemical Process (Wuhan Institute of Technology) , Ministry of Education, Wuhan 430205, China;
2. School of Chemistry and Chemical Engineering, South China University of Technology , Guangzhou 510640, China

Abstract: As-prepared single-walled carbon nanotubes (SWNTs) are typically grown as bundles, which offer a
hindrance to their extensive applications. A novel alcohol-soluble polyfluorene (PFN) was designed and
synthesized by the Suzuki polycondensation and used to solubilize SWNTs through non-covalent strategy in
methanol solution. The SWNTs extract was quite stable for at least 30 days without sedimentation. The
individualization of SWNTs in methanol after ultrasonication in the presence of PFN was characterized by
transmission electron microscopy(TEM), absorption and photoluminescence (PL) spectroscopy. The TEM images
of the PEN-SWNT complexes clearly exhibit that most of SWNTs were wrapped in a thin PFN layer, suggesting
the PFN can easily disperse SWNTs by ultrasonication. The considerable red-shifts of the absorption spectra of
PFN-SWNTs may be attributed to -7 interactions between PFN and SWNTs. The PL spectra reveal that the
intensity of emission of the complexes relatively decrease as a result of photoinduced electron transferring
between the PFN and SWNTs.
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PAORE B 99 oK 8 (single-walled carbon nano-
tubes, SWNTs) H 1993 4F# lijima F1 IBM 3£ 50 = 19
Bethune [ B & 30 LISk, i B A 2R 19 — 4k 4
K EE R B S 1 T 2 e AR RAERE O
T KRB TAEH R K688, 5 1 B8 0 — FF AL
R YT IR RR L GOR AL SWNTs 1l DL
VR 2 Fh B2 R 4 I8 — 5 0 2% 7 1) 4 il T
(14 JC & I3 . T B 45 4 ) P A7 A8 R L B R 1
Fl S5 5, 43 S 7R AR T 4R AR K, i 5 1A SR
JHLEE—E . B Ah, SWNTSs i 2 1 52 256 W, JL
PN T H W, B AR D B R AR U, 5
TEEE AR SURT PR o EcE P E BRI T
SWNTs 5 b i i FH A A PR IL , 40 fa] %o ik 5 2 47
& T 4 R ) R Ak AT AR AR 23 BICPE R 49 SWNTSs
J A B 65 P S ) ) 51 FH ) S ) f 2,

SWNTs & [f1 51 AT ae B fig A1 3G fin o 8k
FEA 2 PRI AR - b AN i AR SR B
T H A B o S R X IR A T R A T e Ak R
5 g A i 2 B T LA R RB AT RHF
N 538 HAE SWNTs Hhim A KR R il R 25 ik iR 2 49
Jit, f# SWNTs 2 i JE % 7K 3 A, 76K 3 b i)
PRI B . AR R Ak 2 e A A8 M T vk A A
SRR A W sp? S5 M T — i R LR
SWNTs 9 350 & 5 52 B M, 52 i 38 1 F A&
R, B 7R 40K 7 #  vh  R F  FE A
1B i 12 32 2500 1 v 23 7 15 SWNTs Z (8] 1Y -
VE WG BiE e — . 3X 4y 7 IR AH T 45 A 1 84k
M BG5S, BA R SWNTs w7 = 1k
F PR SWNTSs HL 4544 ) 52 4 1 B 1 7 8 25
ST AE R Z BRI A BRIz e IR )
Al Ak — i {50 2R A ) () 2 | B T T R T O
B 2 305 KW B AR 53 F 93 58 55 5 1 il
SWNTs. Jt T 5 25 J 4L i 5 4r F 5 SWNTs 1y 224k
AR B 1 22 M 1 R 0 6 Iz A AR S &2
A MBS EEE R THEIOGR AL
K574 %458, Fuming Chen 25 FH R 25 25 i 3L
#1825 4% F PFO .PFO-BT #l PFO-A 5 HiPCO 77 4
B SWNTs #E47TAH EAE T, 43 8545 3k AR kS
(IR A W Z A b K. Nakashima 25" FH 10 51
R 3 = R (S E 77 N = R - S N i B e
THPER SWNTs (SR -G W 52 G Ak

SR, H AT IZ A2 0 6B W 9% B B v T AL
SR RREY B A B R R
A7 TE AR = 7 390 DA A2 24 ) e . 30 A0k, B
Vo M B0 R A ) AT B A A R TR LG L R

15 R BT, AR AT 1 RIS AT DG TE . %
SR G W 1 e e R i A A SRR M AL (A 2R
G A — SR i 8 R AR SR R A R A
WD AR I OB B A DL R rh XA
F T BEAR A 77 AR B il 2 Tl Ak AR 7= ke,

B H BT IR, K — B ] 50 5 47 i S A
AN KA B 525 7 I ATH SR J2 B 40 oK A8 E 5T U Y
— AN E PR AR SCRL T U R 7 2 S RN
KAE A FE R, SR HH A Y s M 2R 2 (alcohol-soluble
polyfluorene, PEN ) JE (& i fise 44 K A, 38 1 68 75
2 2 U5 B T A U P AR L K R 5 W) PRN 4 8
F SWNTs R, & 5 FH i o 250 2f SWNTs & 77
WEAT AL B B PP s e e m A
SEAY AR, A T —Fh oy EOvE R4 RE A2 K )
T 5E TR AT 00 Bt 5 M ik 4 52 5 4 H (PFN-SWNTSs ).
B L T8 A 5 A AT W e B VR SO o R v
PR 55 B A RAE T Be X = G A B A IR &R
HEATRAE. AR SCR B Ir B AMEE S TR 2/
e 909 K A8 Al A R [ B Al A e s
MBI SWNTs o8 HAT 18 5 28 .
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1.1 R FIFAE

IET S 2, 7- 205 2- SN Hk- 4,4,5,5-10
FHJE-1,3, 2- M Be DU T SRk g L — 2R L Y
A4 TCT 2N w72 8 s SWNTSs I T Sigma-Aldrich
O ] A A A 38 o T A A 2, 7-30(4,
4,5,5-DUHI3E-1,3,2- A M be- —%8)-9,9-— ¢
K25 B LS P SR
1.2 LU=

"H-MNR ¥ 3% F Agilent Tecgnologies 400MR
Wl FL I D A IR AT AR SRAE , P9 Ry Y H S ik
(TMS) , i 55 A ST A 7 5 B0 HLE T H S Hitachi
2N F) Y CR22G B -5 1 e 3 2500 AL 5 375 S /L B2 F
B (TEM) fifi F§ H A% JELO 28 &) 59 100CX 3% 5 B3 7
B BB BEAT AR RN L 5 28 Ah/RT WL (UV/Vis) W
i F 5 [ PerkinElmer 2 7] # Lambda 35 UV/Vis
A0TSR REASGHE AT A RN s BRSO
i (PL) i FH Jobin-Y van 2¢ Y6 Y6 A A7 A1 RHIR .
1.3 #MRBEK

2,7-9R-9,9-W[3"-(N,N-_— H R & 3L ) N 3t ]
2 ABE[9,9- (3" -(N, N-— Wl Jlig 5 ) 1 ) -2, 7-
2y 1-38-2,7-(9,9- 5 2%5) (PEN) 1Y 4 1 it £ an
Bl 1 s,
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Fig. 1 Synthetic route of the monomer and polymer PFN

1.3.1 2,7-=%-9,9-%[3'- (N,N-=F K& HK) &
Al ab s TERIRPWSFMT  TERIEEH
A 2,7- %5 4.0 g(12 mmol) .70 mL .
PR AR A DY T R TR AL 2 (80 mg). HFEA A fE

%71 8.0 mL 1Y 50% 1) &8 AL BN K W, 283 S g
30 min, #X J5 2% 18 1% i 4.6 g(38 mmol) N, N-— HI 3
SANRE , SN IR G SR T e . v H
A B AR I AR RN ER K PR T K R R B T
J&i , ZEAR TR A 2 A . F B R AT
SifE B A En SRR E AR 3.4 g, 7R 52%.
'H NMR (DMSO-d6, 400 MHz) , 7.81 (d, 2H,
fluorene ring) , 7.69 (s, 2H, fluorene ring) , 7.54 (d,
2H, fluorene ring) ,2.02 (1, 4H, —CH.N) , 1.90 (m,
16H, —NCH;, —CH,—), 0.58 (m,4H, —CH,—).

1.3.2 PEN# &R REWNA BUEE T Suzuki
HY B B2 I 3k A5 B alifb I 19 2, 7- 2 78-9, 9- X[ 3 -
(N, N-Z R 58 ) N 5L 125 (250 mg) 12, 7-30(4,
4,5,5-P0H 5E-1,3,2- A 2 Bl bE- — 3K )-9,9-
325 (325 mg) VA ARAE 10 mL 19 F 2EF1 2 mL 552 4
(2 mol/L) 7K 5 W, AR U A A Ak 5] O (= % Kk
T8 ) A2 (10 mg) A2 18 I 14 7], B 5 K 1R A 4 7 R

SAHE TR 7 24 h. g BESH R SR,

W 25 R 7 W R0 AR R0 Bk Ak ) 25 A B LA ™ i PEN
(0.31 g), 2R 25 79%. 'H NMR (CDCls, 500 MHz),
7.81 (4H, fluorene ring) , 7.65 (8H, fluorene ring) ,
1.98 (24H, —NCH;, —CH.N) , 1.15 (m, 24H,
H-alkyl), 0.79 (m, 10H, H-alkyl).

133 K/EEERBEARE LM HE I
TR I 6 mg PFN (44, fin A 10 mL F 2, TiC i) ol o
PN 0.06 % 1 PEN I Wi B SWNTs (4 mg)
T PEN B F S0 900, #8775 6 h, 15 51 22 (0 B 77 .
45 1F 18 000 r/min A9 %% 3T 850 24 h 43 25153 %)
e, TS R 7.2 me, B R 2R W, 1S

B3 B R 1 50 B BV SWNTs W A4 il 55 1Y &
A MR R FPN-SWNTSs, Ui %4 28%.

2 FHRE5TR

2.1 SWNTsH &8

SWNTSs 9 43 87 5 WL 52 30 4. W&l 2 (a) Fi
B 2(e) i, B 2 28 0 4 B[] 9 8 75 SWN'Ts 78
FH T 0 T TE R S e A Ao 1, M A AR S R
LY. H A E R SWNTs BDOG W F A 5 5
1) 2 11 RE , B 5 43 T ()40 1] F A B3R 4 DL/ 3
A, LR 25 5 o R 2 8a L R 4k

M , B84 %) PEN A& i 1 SWNTSs 78 43 LI 7 I i rp
14 40 5 A A o R ) R R R R R
2(b) 7N, TEWRTHCE 30 dJe , AW I IR AT
SRARFG 2 UK A DUTE = A, A&l 2(d) BT .

B2 (a)FEEFASWNTs HI&ZM®, (b)PFN-SWNTs &’ ,
(c)BAEEFISWNTs I EiZ®ME30d,
(d)PFN-SWNTs K9i& 5 B 30 d K93 B R E
Fig. 2 Photographs of (a) suspension of SWNTSs in methanol,
(b)methanol extracts of SWNTs with PFN, (¢) suspension

of SWNTs in methanol after standing for 30 d and (d)methanol
extracts of SWNTs with PFN after standing for 30 d
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RICR R 52 W) 308 o 375 S v B8 X 7K/ 5 A 1) P Bl
44K 4 5245 bR PEN-SWNTs (14 8 Bk 17 3% 1
S, a3 . K 3(a) JEI3(b) FIE 3 (e) 43 5]
7 4 JE A W A IR B9 100 nm L 200 nm L) & 500 nm
Jr #0375 5 R B TR D TBT 3 T AR T M A o, R Bl
KA USRARTE U1 50 20 BT R B W 3R T, 7S
P SR A RE 1 LB, 5235 — € I E) S, & T DAfE
VAT 2R ) B B e 20 KA O 1S B AR 1 Bl 400 K A B
IR SE7/ESSiSL e INOR - RiR TP SEFINE TG TN
BCTH B e 44 K A8 1) 9 AH AR D 0, 6 1A 2R ) ke 4
KA I BN AAR , RE WS AR Z ] LR
%) - AH EL A FH DA T 8 1) 2658 Ay 3 AR 1) 3 FC Btk 44 K
ERHOR™.

B3 AREmMARTTPFN-SWNTs B iE 5 5 B
(a)100 nm;(b) ;200 nm; (¢)500 nm
Fig. 3 TEM images of the PFN-SWNTs complex at different
magnifications (a)100 nm, (b) 200 nm and (¢) 500 nm

2.3 EHMNRT IR UL iE

REY PN 5 SWNTSs (14 B/ AT DL a8
WO TE R AE, W& 4 s, M 4(a) AT T, PEN H
P V28 8 40 S 7 220 nm . 234 nm A 408 nm 26 45 40 A
BER I W LT 2 3R A ) PEN A 7 #E SWNTSs
)T IE i PEN-SWNTs & & Wi, Al W i
TR T i F AR AL, X & B PEN-SWNTSs 1
408 nm AW BE AT Ty g, JF7E 525 nm \611 nm .
673 nm.748 nm 821 nm & 890 nm /= 4= T 3 19 W U
W, qn il 4 (b) B 7R . B B WIS Sk F B AR &R
T 4 DK A 14 TR WS 58 A0 BT UL IR S 35 HIF B PN 5
SWNTs £7 75338 i) mw-mobH ELAE W& 3 2o 88 7 1
MEAERIE LB R E R &Y.

1.2

0.25
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0.20 ——PFN-SWNTs|
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< 0.10
2 0.05
]
2 0.00
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0.0 \
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A /nm

4 PFN-SWNTs # PFN 7£ FR B2 i o B9 K 5h AT T
R Ui S K 400 nm~900 nm B FHEB ALK B (FEE)
Fig.4 UV-Vis spectra of PFN-SWNTs and PFN in methanol
solution and expansion of the spectra in the region

of 400 nm-900 nm (inserted )

2.4 FkgE

PFN Fl PEN-SWNTs [ 2¢ 3% (PL) 6% an 1&l 5 fir
7. PFN7E 380 nm 28R G L N, & S 7Y E
5, AE B BV W 19 PL O %) 06 7 428 nm,
2GR E R 1000, [A] B 7E 453 nm b — A4 HL T4
S5 JE . 24 PEN W Bff7F SWNTSs & 1, 2¢ 6
SR E 8 59 28 900, 13 B PEN 5 SWNTs JE 06 4= iy
THBEAY, MREY PEN LML CIEIER T,
4> T 5 R B SWNTs, 5 30UR A W) 1058 6 9 BF
. H T2 R0 LY A o T R A W W AR
SWNTs R Z 5, 2L R RAERK, 2R
&AWL B 50 F 3R &9 5 SWNTs B A & 2¢
HMIER AW, A T2 XF
PFN WZ B 75 SWNTs & i E AT PR 45— 5 5 B2 90
B AE SWNTs (19 e hric o] M AL B A AL 9 1k &
S5 7 T HAT — 2 14 N FH
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—PFN
—4— PFN-SWNTs

400 500 600 700
A/ nm
BEl5 PFN-SWNTs 1 PFN 76 B B2 i i P O 52 SE Sk 1
Fig. 5 PL spectra of PFN-SWNTs and PFN in methanol solution

3 4 iB
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TER AWM. N PEN & 475 WO 3% AR 16 nT
PLE R AW 5 i gl oK A 32 TR B0 1) 4y T 1R
ML RERENESGY. Z 6% PFN-SWNTs [
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